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1.0 SCOPE AND APPLICATION

1.1 This method is applicable for the determination of the relative oxygen requirements
of municipal and industrial waste waters, effluents, and polluted waters.

1.2

This method also includes carbonaceous, soluble, and ultimate BOD.

1.3 A sample of waste, appropriately diluted, 1s placed in an airtight bottle and
incubated for 5 days at 20° C.

1.4 The dissolved oxygen (DO) is measured initially and after incubation. BOD 1s
calculated from the difference between the two DO readings.

1.5 The Biochemical Oxygen Demand (BOD) test i1s an empirical bioassay-type
procedure that determines the relative oxygen requirements of the sample. The test measures the
oxygen utilized for the biochemical degradation of organic matenal (carbonaceous demand) and the
oxygen used to oxidize inorganic material (Nifrogenous demand).

1.6 BOD-SL is defined as soluble BOD. The sample is filtered before being analyzed.

1.7 BOD-UL is defined as ultimate BOD. The sample is incubated for twenty days
instead of five days.

1.8 BOD-C = (Carbonaceous BOD): An inhibitor is added to inhibit the nitrogenous
demand.

1.9 This method references EPA Method 405.1 and Standard Methods 5210B.

2.0 SAFETY PRECAUTIONS

21 Standard Laboratory safety procedures should be followed when working with
unknown samples.

2.2 Llab coats and safety glasses with sideshields must be wom. Gloves are
recommended since acid, base, and unknown samples are being analyzed.
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2.3 Sulfuric acid and sodium hydroxide are used in this procedure and should be used
with cautton. Consult the MSDS for further information on the hazards and toxicity of these
chemicals.

3.0 SAMPLE PRESERVATION AND STORAGE
3.1 Samples should be stored at 4° C for a period not exceeding 48 hours from time of
collection before analysis is performed. Samples should be allowed to warm to 20° C before

analysis. Afier analysis, samples are stored in a designated area in the archive room.

3.2 A muinimum of 500 ml is required to insure sufficient volume for one analysis. If
less than the recommended volume is available, the analysis will be performed on a lesser amount
and the detection limit will be elevated proportionately.

4.0 METHOD PERFORMANCE

4.1 This method has a minimum reporting Hmit of 3 mg/L O, for an undiluted (200 mi)
liquid sample..

4.2 The current MDL 15 1.168 mg/L. This data i1s updated annually or when necessary.

4.3 The linear range of the method is 3 mg/L (full volume of sample) to approximately
22,000 (0.1 ml of sample}. This range can be extended on the upper end by using less than 0.1 mL

4.4 The current statistical limits are 74-128% for the LCS and MS. However the
method set limits of 84 - 114%; are used for the LCS. The relative percent difference for the
duphcate 1s 18%. This data is updated annuallv.

5.0 INTERFERENCES & CORRECTIVE MEASURES

5.1 Samples contaiming caustic alkahnity or acidity must be neutralized.

5.2 Samples containing residual chlorine must be treated to destroy the residual
chlorine.
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5.3 Incubation must be done in the dark to prevent photosynthetic production of
dissolved oxygen.

6.0 EQUIPMENT AND SUPPLIES
6.1 Dissolved Oxygen Meter with bottle probe and stirrer. 'YSI Model 58 or equivalent.

6.2 Incubator: thermostatically controlled at 20+ 1°C, excluding all light.

@)
%)

300 mbincubation bottles with ground glass stoppers and plastic caps.

7.0 STANDARDS AND REAGENTS

NOTE: Discard any of the foilowing reagents if there 1s any sign of biological growth in
the bottle. or 1f 6 months oid.

NOTE: All standards and reagents are prepared using class A volumetric flasks and pipets
unless otherwise stated differently.

7.1 BOD LCS Stock Solution (10,000 ppm): Dissolve 7.5 g each of glutamic acid and
glucose {or dextrose)(each dried at 103° C) in deiomized water. Preserve with 10 mi sulfuric acid,
and dilute to 1 liter. Discard after 6 months.

7.2 BOD Second Source Stock: purchased as 400 mg/L.

7.3 Phosphate buffer solution: Dissolve 8.5 g KH,PO,, 21.75 ¢ K2HPO4, 334 ¢
Na,HPO,(7H.O). and 1.7 g NH,Cl in deionized water and dilute to 1 liter. Confirm that the pH is
7.2. Discard afier 6 months.

7.4 Magnesium sulfate solution: Dissolve 22.5 g MgSO{(7H.0} in deionized water and
dilute to 1 liter. Discard afier 6 months.

7.5 Calcium Chloride solution: Dissolve 27.5 g CaCl, in deionized water and dilute to
I liter. Discard after 6 montis.

7.6 Ferric chlonde solution: Dissolve 0.25 g FeCl(6H-0) in deionized water and dilute
to 1 liter. Discard afier 6 months.
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7.7  NaOH (5%): Dissolve 50 g NaOH in deionized water and dilute to 1 liter. Discard
after 6 months.

7.8 H,S50, (5%): Slowly add 50 ml H,SO, deionized water and dilute to 1 liter. Discard
after 6 months.

7.9  Acetic acid, glacial

7.10  Potassium Jodide (KI) pellets

7.11  Starch solution: Add a cold water suspension of 5 g soluble starch to about 800 ml
boiling deionized water with stirring. Dilute to 1 liter and boil a few more minutes. Let settle
ovemnight and decant the clear supematant. Preserve with 1.3 g salicylic acid. Discard after 6

months.

7.12  Sodium sulfite solution: Dissolve about 0.5 g Na,SO, in about 25-50 m] deionized
water. Make daily as necessary.

7.13  Ninfication inhibitor: 2-chloro-6-(trichloro methyl) pyridine. (purchased from
HACH or equivalent)

7.14  Polyseed: purchased commercial BOD seeding material

80  CALIBRATION PROCEDURES
&.1 Turn the meter on and allow to warm up for 30 minutes.
8.2 Blot the probe to remove any condensation.

83 Tum the knob on the meter to temperature and record the temperature in the
calibration logbook.

g4 Tum the knob to the 0.01 range.

8.5 Get the reading from the chart that corresponds to the temperature. Record this
reading in the logbook.
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8.6 Adjust the calibration knob to make the meter read the correct value.

8.7  Record the size of the adjustment.

88  Tumn the knob to %. Ifitisn’t reading 99 - 101% , something is wrong. Check the
membrane and recalibrate if necessary.

9.0 SAMPLE PREPARATION

Sample preparations are described in Section 11 to mnsure all steps are taken in the correct
sequernce. '
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16.0 DIAGRAM OR TABLES TO OUTLINE PROCEDURES
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11.0  ANALYTICAL PROCEDURE

11.1  Ina 14 gallon container, add 1 - 2 gallons deionized water. To this water add 53 ml
each of phosphate buffer (7.3), MgSO, buffer (7.4), CaCl,, buffer (7.5) and FeCl, buffer (7.6). Fill
the container to 14 gallons with deionized water and mix well. Before this dilution water may be
used, determine the DO uptake. Determine the initial DO of 300 ml of the dilution water. Incubate
for 5 days and then determine the final DO. The DO uptake should be 0.2 mg/L or lower. If the
DO uptake is above 0.2 the water should not be used.

11.2  Prepare seed by emptying the contents of one polyseed capsule into 450 ml
deionized water. Stir the solution using a magnetic stir bar and stirrer. Stir continuously while
bubbling in air for one hour. This seeding solution is stable for 6 hours. The amount of deionized
water used may vary throughout the year.

11.3  Fill 2 5 gallon cubitainer with previously tested dilution water (11.1) and aerate if
necessary to bring the DO to 7 - 9.

114 SAMPLE PREPARATION: Warm sample to 20° C before beginning analysis.
Record initial pH and adjust to pH 6.5 to 7.5 with NaOH (7.7) and/or H,SO, (7.8} if necessary.
Also adjust DO to 7-9 mg/L O by shaking or aerating.

11.5 CHLORINE CHECK: Pour 50 ml of the neutralized sample into a cup. Add 5
drops acetic acid (7.9), 2 or 3 Kl pellets (7.10), and approximately 1 ml starch solution (7.11). A
change to any shade of blue indicates the presence of residual chlorine. Add sodium sulfite
solution (7.12) drop wise to any sample that shows a blue color until the sample returns to its
original color. Add a proportional amount of the sodium sulfite solution to the sample that has
been pH adjusted. Do not add an excess of sodium sulfite.

11.6  Determine the appropriate amounts of sample to be used based on the sample source
or historical data. For a sample of unknown source use a range from 0.5 to 200 ml per 300 ml total
volume. Measure the appropriate amounts of the sample into the 300 ml incubation bottles. Mark
each bottle with the sample 1D and the sample volume. ‘

11.6.1 If Carbonaceous BOD (BOD-C) 1s to be determined, add 2 drops of
nitrification inhibitor (7.13) using a dry dispenser bottle to each bottle. Two blanks containing the
inhibitor are also analyzed with the samples.

11.6.2 If Soluble BOD (BOD-SL) is to be determined, filter the entire sample
through a 934-AH glass fiber filter prior to making the appropriate dilutions.
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11.7  Prepare two 10 ml blanks by pipeting 10 ml of the seed solution into two BOD
bottles. This is best accomplished by using a 10 ml disposable pipet.

11.8  Prepare two 2 ml blanks by pipeting 2 ml of the seed solution into two BOD bottles.
It is best to use a 5 ml disposable pipet and fill to the 4 ml mark and then dispense 2 ml into the two
bottles.

11.9  Using a 5 ml pipet and filling to the 4 or 6 m! mark with the seed solution, dispense
2 ml of the solution-into all of the BOD bottles containing QC and / or samples. Two or three
bottles may be seeded at a time using this technique.

11.10 NOTE: Do not use a pipet larger than a 5 ml. The bran contained in the seed
solution settles very rapidly and will result in inconsistent seeding and the results will also vary.

11.11 Fill each blank, QC sample, and sample BOD boitle with dilution water (11.3).
11.12 Measure and record the DO for each bottle. Add a few drops of the dilution water if
necessary to elinunate all air bubbles when the stopper is placed in the bottle. Add plastic caps to

prevent evaporation of the water seal.

11.13 Place the bottles in the 20° C incubator and incubate for 5 days, or 20 days if
Ultimate BOD i1s being determined.

11.14 After the five (5) day incubation period (or 20 days), measure and record the final
DO for each bottle.
120 DETAILS OF CALCULATIONS

12.1  The foliowing calculation is used for the bottles that contain the highest volume of
sample and meet the foliowing criteria:

12.1.1 Final DO of at least 1 mg/L.
12.1.2 DO depletion of at least 2 mg/L.

12.1.3 Have no evidence of toxicity, or an obvious anomaly at the higher
concentrations.
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12.2  The following equations are used to calculate the BOD of one bottle.

1221

(Bl -B))*F=B
where:

B1 = initial DO of seeded blank
B2 = final DO of seeded blank
F = ration of seed in sample to seed in the blank in decimal form
example: 2 mi seed in blank and sample; F = 1
example: 10 m! seed in blank and 2 m] in the sample; F = 2/10=0.2

(D1 - D2) - B)/(volume/300) = mg/L O
where:

D1 = initial DO of sample
D2 = final DO of sample

B = blank result (step 12.2.1)
300 = volume of BOD bottie
volume = ml of sample

12.3  Average the results of 1 - 3 bottles that meet the criteria and have the highest
concentration of sample.

12.4  The following equation is used to calculate the LCS recovery:

A/B * 100 = % recovery

where:

A =the LCS result
B = the true LCS value
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12.5 The following equation is used to calculate the duplicate RPD:

{A-B) *100=RPD
(A+B)2

where:

A = the original sample result
B = the duplicate sample result

12.6  The following equation 1s used to calculate the spike recovery:

(A - B) * 100 = % recovery
C

where:

A = the combined sample and spike result
B = the onginal sample result
C = the true spike value

13.0  QUALITY CONTROL (QC) REQUIREMENTS

13.1 Seeded Control Blanks: Prepare as described in steps 11.7 and 11.8. The results
should be below 2 mg/L.

13.2  LCS (200 mg/L): Add 10 ml of the stock solution (7.1) to 450 mi deionized water.
Adjust the pH to 6.5 - 7.5 and dilute to 500 ml. Add 6.0 ml to two incubation bottles and treat
exactly like the samples. The recovery must be within the method set limits of 84 - 114%. If these
limits are exceeded the method will be examined for biases and out of control situations.

13.3  2nd Source Check (400 mg/L): Add 3 ml of this purchased standard (7.2) to two
BOD bottles and analyze as descnbed. This standard should be analyzed with each new batch of
dilution water, or when another check of the method is needed.

134 Spike

13.4.1 If the sample being spiked is expected to have a BOD greater than 50 mg/L,
spike with 200 mg/L. Add 6 ml of sample, and 6 mi of 200 mg/L LCS (13.2) and analyze like the
samples.
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13.4.2 1f the sample being spiked is expected to have a BOD less than 50 mg/L,
spike with 20 mg/L. Add 20 and 50 ml each of sample and 20 mg/L. LCS (one-tenth dilution of
200 mg/L (13.2).

13.5 Duplicate: Choose any sample being run in the batch and use the same dilutions.
The RPD should be less than the statistically determined RPD, or the run will need to be examined
for biases.

13.6  Unseeded Blank: 300 ml of unseeded dilution water is analyzed exactly like the
samples. The DO depletion should not be more than 0.2 mg/L.

13.7 A batch (workgroup) is defined as two seeded control blanks (13.1), LCS (13.2),
Spike (13.4), duplicate (13.5), and up to 20 samples. A second check may also be included (13.3).
14.0 DATA REVIEW AND REFORTING REQUIREMENTS

14,1  BOD is reported in mg/l. O using one significant digit for values <10, and 2 digits
for values of 10 mg/L or greater.

142 The analyst, date and time are reported.
143 QA/QC data is entered onto special forms and reported to the client upon request.

14.4  Data review uses the attached checklist. All data is calculated and reviewed by the
analyst. The supervisor (or designated person) performs a second review before entry into the
LIMS system.

15.0 PREVENTATIVE MAINTENANCE

15.1  The probe membrane should be checked daily and if a tear or bubbles are observed,
the membrane should be changed.

15.2  The membrane should be changed approximately monthly.
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16.0 REFERENCES

16.1 "Methods for Chemical Analysis of Water and Wastes", EPA/600/4-79/020,
Method 405.1 (5 Days 20 degrees C), 1983

16.2  Standard Methods for the Examination of Water and Wastewater, 18th Edition,
Method 52108, 1992
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Analyst

Calibration/Linearity

Second Source Check

ICVICCV (std)

1ICB/CCB

Blank

LCS

MS/MSD

Buplicate

Record On ACS Benchsheet

EXCEL QC Sheet

QC Vioclation Sheet

Signed Raw Datz

STD/A.CS On Benchsheet

Primary Reviewer Initials & Date Checked

Secondary Reviewer Initiais & Date Checked

« Check for compiiance with Method and project-specific requirements
+ Check the compieteness of the reported information

« Check the information for the report narrative

« Check the reasonableness of results

Supervisory Review Initials & Date Checked

Comments:

v - Checked & OK
NA - Not Applicabie
DL - Dilgted Out
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1.0 SCOPE AND APPLICATION

1.1 This method is applicable for the determination of organic carbon in drinking,
surface and saline waters, domestic and industrial wastes. It also applicable for leachable organic
carbon on a 1:10 soil to acid mixture.

1.2 This method references EPA Method 415.1 and SWg46 Method 9060.

1.3 Total Organic Carbon is defined as all of the organic carbon present in the sample
that can be determined by this method.

1.4 All analyses are performed within the ASTRO 2001 System 2 Analyzer.

1.3 The sample is acidified to a pH < 2, to convert all of the carbonates to dissolved
CO,. The sample is sparged and the off-gas is routed to the IR analyzer. This 1s the Total
Inorganic Carbon.

1.6 The UV lamp and reactor heater are then turned on and a computer controlled
amount of sodium persulfate is then added to the sample to oxidize the remaining organic carbon.
The sample 1s again sparged and the off gases directed to the IR analyzer. This is the Total Organic
Carborn.

1.7 To comply with SW846 Method 9060, each sample must be injected in
quadruplicate.

1.7.1  The test code TOC-14 1s used to show that one sample is injected four times
and one average result is reported (1 sample * 4 injections).

1.7.2  The test code TOC-44 1s used to show that the sampie was sampled in the
field in quadruplicate and each one is injected four times. This gives 16 results. The average of
each botile (four injections) is reported (4 samples * 4 injections).

1.8 Method 415.1 requires only one injection

1.8.1 The test code TOC is used to show that one sample gets one injection and
one result (1 sample * 1 injection).

1.82  The test code TOC-4 is used to show that one sample was sampled in the
field in quadruplicate. Each sample gets one result (4 samples * 1 injection).
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2.0 SAFETY PRECAUTIONS

2.1 Standard laboratory safety procedures should be followed when working with
unknown samples. Lab coats and safety glasses with sideshields are required.

2.2 When doing maintenance on the TOC mstrument, the electricity should be turned
off to prevent electrocution.

2.3 The following chemicals have the potential to be toxic or hazardous. Consult the
MSDS for further information.

2.3.1 Sodium persulfate: This is a strong oxidizing agent and should not be stored
near strong reducing agents.

2.3.2  Phosphonc acid: This 1s a strong and corrosive reagent.

3.0 SAMPLE PRESERVATION AND STORAGE

3.1 Sampies should be collected in a glass container and preserved with sulfuric acid

3.2 Samples should be kept refrigerated at 4° C until time of analysis, which is not to
exceed 28 dayvs from the time of collection. After analysis, samples are stored in a designated area
in the archive roon.

33 Samples should be kept from suniight and atmospheric oxygen.

34 40 m! s reguired for Method 415.1

3.5 100 ml 1s reguired for Method 9060.

3.6 If less than the recommended volume is available the analysis will be performed on
a dilution, and the reporting limit wiil be elevated proportionately.
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40 METHOD PERFORMANCE

4.1 This method uses a reporting limit of 1 mg/L for an undiluted liquid sample. Upon
request, a reporting limit of 0.5 mg/L can be reported. For leachable organic carbon, the reporting
limit is 10 mg/kg.

42  The current MDL is 0.161 mg/L. This data is updated annualiy or more often if
necessary.

43 The linear range of the method depends on the range selected. The overall range is
0.5 mg/L to about 60 mg/L.

4.4 The current statistical limits are 83 - 111% for the LCS, and the relative percent
difference 1s 20%. This data is updated yearly. However, for method 9000, the method specified
limits of 90 - 110% are used.

5.0 INTERFERENCES & CORRECTIVE MEASURES

5.1 Carbonate and bicarbonate carbon are removed by acidification (Total Inorganic
Carbon).

52 Large particles that cannot enter the sipper tube cannot be analyzed. This can result
in low recovery,

5.3  Filtration can resuit in low recovery (removal of carbon-containing particies) or high
recovery (carbon from fiiter paper).

5.4 Very high chloride content results in low recovery. Adding mercuric nitrate to the
sampie reduces thus interference.
6.0 EQUIPMENT AND SUPPLIES

6.1 TOC Analyzer. ASTRO MODEL 2001 system 2 with autosampler, computer, and
printer

6.2 Several test tubes that can hold a volume of at least 20 mL
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6.3 Mechanical shaker

6.4  All glassware is washed with soap and water as described in KEMRON SOP
K0001.

7.0  STANDARDS AND REAGENTS

7.1 TOC Stock Standard Solution (1000 mg/L): purchased. Discard by manufacturer’s
printed expiration date.

7.2 TOC Stock LCS Solution (1000 mg/L). Add 1.240 g each of glucose and glutamic
acid to deionized water. Mix well. Preserve with 5 mlL of 1:1 sulfuric acid. Dilute to 1 liter.
Discard after 6 months.

7.3 Sodium Persulfate Solution: Dissolve 714 g ultra pure sodium persulfate in

deionized water and dilute to two hters. This solution should stir for as long as possible to allow
oxidation of trace impurities {at least 48 hours). Discard afier 6 months.

7.4 Phosphoric Acid: Dilute 118 mL of concentrated phosphoric acid to 1 hiter with
deionized water. Discard after 6 months.

7.5 Sulfuric Acid (20%): Add 200 m! concentrated sulfuric acid to 800 ml deionized
water. Mix well.
8.0 CALIBRATION PROCEDURES

8.1 The instrument is calibrated daily. The calibration standard will be either a 50 or a
10 mg/L standard, depending on the range being used. The standard 1s run three times. The
instrument will then average the peaks and use the calibration peak area as a scaling factor on the

multi-point calibration from step 8.6

8.2 Three ICV standards are analyzed at three levels daily as a check of the calibration.
A CCV and CCB are also analyzed every 10 analysis,

83 A second source check is analyzed immediately following the calibration.

8.4 Semi-annually, a true vs. actual curve will be analyzed.
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g5 The following standards are analyzed for the semi-annually multi-point curve and
the true vs. actual curve:

Standard mis Used Stock Used Total Volume Concentration mg/L
I 7 1000 ppm (7.1) 100 70
2 10 1000 ppm (7.1) 200 50
3 4 1000 ppm (7.1) 100 40
4 2 1000 ppm (7.1) 100 20
5 3 1000 ppm (7.1) 200 15
6 20 STD 2 100 10
7 10 STD 1 100 7
8 10 STD 2 100 5
9 20 STD 6 100 2
10 10 STD 6 100 1
11 5 STD 6 100 0.5
i2 Blank 0.0

8.5.1 For the multi-point curve, analyze standards 2, 3, 4, 6 and 8 on the 50 mg/L
range, and standards 6, 7, 8,9, 10 and 11 on the 10 mg/L range.

.52 For the actual vs. true curve, analyze 1, 2, 4, 6, 8 and 12 on the 50 mg/L
range, and standards 5, 6, 8, 10, 11 and 12 on the 10 mg/L range.

86  To run the multi-point calibration, press Selection 6 for Multiple Point Calibration
(at the main menu). Foliow the instruction on the screen for entering and running standards. See

page 70 of the Astro 2001 manual for more detailed instructions.

8.7 The run sequence as outlined in Section 11.3.18 should be followed.

9.0 SAMPLE PREPARATIONS

9.1 If the sample is a solid and leachable organic carbon is needed, a leachate of the
solid will need prepared.

92  Add 10 mi of 20% sulfuric acid (7.5) to 10 g of soil. Mix well.
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9.3 Add 90 m! of deionized water and shake on a mechanical shaker for 30 minutes.
94  Let the sample settle.

8.5 Decant the solution and analyze the solution for TOC. This is considered Leachable
Organic Carbon.

8.6 If dissolved organic carbon is needed, filter the sample through a 0.45 um
membrane filter (previously soaked in 1:1 nitric acid) and analyze as below. A filtered deionized
water blank should also be analyzed.
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10.0 DIAGRAM OR TABLE OR OUTLINE PROCEDURES

Start

11.1 Refill reagent
containers as needed

11.3.1-11.3.13 Reboot
computer if needed and
enter sample ID’s

11.3.20 Follow
instructions on
computer to shut the
run down when samples
are complete

11.3.14 Select the
range to be analyzed
(50 or 10 mg/L)

Reanalyze as necessary

L 2" Not
Calculate and check | Acceptable
recoveries of CCV, »
CCB blank and LCS

Acceptable

Data 1s Valid

11.3.18 Pour QC and
samples imto test tubes
and put in sampler

F

If sample is to be
analyzed for dissoived
TOC, filter sampie

11.3.19 Start
instrument and allow
samples to run
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11.0  ANALYTICAL PROCEDURES

11.1  Fill reagent containers with the persulfate (7.3) and acid reagents( 7.4), and also the
deionized water container.

11.2 Make sure gas is on. The gas is left on at the tank at all times. The computer turns
the gas on and off within the instrument.

11.3  The following directions apply only to the ASTRO 2001 System 2 TOC Analyzer.

11.3.1 Insert program disk into the disk drive. Check the date and time at this
point.

11.3.2 At the A> prompt type CD ASTRO. At the A> prompt type 2001 and wait
for further instructions.

11.3.3 Imualize pump? No (only answer yes if sample tube contains air or is
contaminated). See page 28 of the manufacturer's manual.

11.3.4 Printer on-line? Yes (adjust printer if not on-line)
11.3.5 Distilled water blanks? No

11.3.6 Muluple calibrations: Yes (type in 3 for number of calibrations, and NO to
"Enable Decisions?")

11.3.7 Previous data”? Yes (this will keep the 10 previous results on the screen for
reference). At this time remove program disk and insert the data disk.

11.3.8 At the Main menu several options are available. Refer to manual for
instructions involving each option. Press 2 for Automatic run,

i1.3.9 Press § for Menu
11.3.10Press T for screen to enter sample ID's being run. Enter the sample ID’s.
Dilution factors can be typed in as a reference also, but the computer does not calculate the results

using the dilution factors. ‘

11.3.11 Press ESC to save the ID's
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11.3.12Press E to escape the sampler menu

11.3.13Press 2 for TOC analysis

11.3.14Select the appropriate range. Choose either 50 mg/L or 10 mg/L range.
11.3.15Enter the value of the standard (50 or 10)

11.3.16Enter number of samples to be run. Do pot count the three calibration
standards.

11.3.17 Enter beginning station number.

11.3.18Place the standard in 3 test tubes and place in the first three stations to be
used. followed by QC and samples as outlined below. Pour about 20 ml into each test tube.

NOTE: If method 415.1 is needed, each sample is injected once. If Method 9060 is required
each sample must be injected in quadruplicate.

11.3.18.1. Three Calibration Standards (10 or 50 mg/L)
11.3.18.2 Low standard (1 or 10 mg/L)

11.3.18.3. Mid standard (5 or 25 mg/L)

11.3.184 High standard (10 or 50 mg/L):ICV
11.3.18.5 ICB

11.3.186 Blank

11.3.18.7 LCS

11.3.18.8 8 Samples

11.3.18.9 CCV

11.3.18.10 CCB
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11.3.18.12

11.3.18.13

11.3.18.14

11.3.18.15

11.3.18.16

11.3.18.17
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10 Samples

CCv

CCB

2 Samples

Duplicate (may be run anytime after the first sample)
Spike (may be run anytime after the first sample)

Continue with QC and samples for as many as needed. A

CCV and CCB need analyzed every 10 sampies.

11.3.18.18

End the run with a CCV and CCB.

11.3.19Press enter and the instrument will begin the TOC analysis

11.3.20 When the run is complete, the prompt will ask if statistical data are desired.

Enter No.

11.3.21 Press Q for quit

11.3.22 At this point the run is finished and the instrument may be left alone.

11.4  The TOC benchsheet should include the analyst, date, time, reference numbers for
standards and 1L.CS, the sample numbers and dilutions in the exact order that the samples are being

Funm.

11.5  The computer printout should be signed by the analyst and all dilutions written in if

they were not typed m.

120 DETAILS OF CALCULATIONS

12.1  The instrument calculates and prints out TOC i mg/L. These results do not take

into account dilution factors.
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To get the correct result, the following formula is used:
(mstrument readout)/(dilution)= mg/L TOC
Readout = Answer obtained from instrument.

Dilution = Dilution of the sample in decimal form
(example: A 1/5 Dilution = 0.2)

If leachable organic carbon is needed, the formula is:
[(instrument readout)/(dilution)] * 10 = mg/kg LOC

where 101s a factor to convert to mg/kg (10g/100 mL)

The following equation is used to calculate the LCS recovery:
A/B * 100 = % recovery

where:

A = the LLCS result
B = the true LCS value

The following equation is used to calculate the spike recovery:

(A-B)* 100 = % recovery
C

where:
A = the combined sample and spike result

B = the onginal sample result
C = the true spike value
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12,6 The following equation is used to calculate the duplicate RPD.

A-B} * 100 = % recovery
(A +B)2

where:

A = the onginal sample resul
B = the duplicate sample result

12.7 i Method 9060 is required, average the four results and report the average.

13.0  QUALITY CONTROL (QC)} REQUIREMENTS
13.1  All standards are prepared using class A volumetric pipets and volumetric flasks.

132 Second Source Check: Prepare a 10 or 50 mg/L standard using the LCS stock (7.2).
Dilute 2 ml of stock (7.2) to 200 ml deionized water to make a 10 mg/L standard. Dilute 10 ml of
stock (7.2) to 200 ml to make a 50 mg/1. standard. The result should be within + 10% of true value,
or the instrument will need recalibrated.

13.3  ICV (High Standard) (10 or 50 mg/L): Dilute 2 ml of the standard stock (7.1) to
200 ml to make a 10 mg/L standard, or dilute 10 m! of stock (7.1) to 200 ml to make a 50 mg’L
standard. The result should be = 10% of true value.

13.4  Maid-level Standard (5 or 25 mg/L): Dilute 1 ml of the standard stock (7.1 to 200 ml
to make a 5 mg/L standard or diiute 5 ml of stock (7.1) to 200 ml to make a 25 mg/L standard.

13.5  Low-Level Standard (1 or 10 mg/l.): Dilute 20 ml of the mid-level 5 mg/L standard
to 100 ml to make & | mg/L standard, or dilute 1 ml of stock (7.1) to 100 ml to make a 10 mg/L
standazd.

13.6 Blank/ICB/CCB: Analyze deionized water exactly like the sample. The results
should be less than or equal to the reporting limit, or the run will be examined and reanalyzed as
necessary.

137 CCV: Analyze the high standard (10 or 50 mg/L) from step 13.3. The results
should be within = 15% of true value, or the affected samples will need reanalyzed.
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13.8  Laboratory Control Sample (LCS)

13.8.1 High LCS (25 mg/L): Dilute 5 ml of LCS stock (7.2) to 200 ml with
deionized water. Analyze exactly like the sample on the 50 mg/L range.

13.8.2 Low LCS (5 mg/L): Dilute 1 ml of LCS stock (7.2) to 200 m! and analyze
on the 10 mg/L range.

13.8.3 For Method 415.1, the percent recovery should be within the statistically
determined control Hmits.

13.8.4 For Method 9060, the recovery must be 90 - 110 %.

13.8.5 Ifthe LCS recovery is not within-the control limits, the run will be examined
and reanalyzed as necessary.

13.9  Maririx Spike

13.9.1 High Spike (25 mg/L): Add 0.5 ml of LCS stock (7.2) to 20 mi of a sample,
and analyvze on the 50 mg/L range.

13.9.2 Low Spike (5 mg/L): Add 0.1 ml of LCS stock (7.2) to 20 ml of a sample
and analvze on the 10 mg/L range. ;

13.9.3 The recovery should be within the statistically determined limits, or the run
will be examined and reanalyzed as necessary.

13.10 Duplicate: Analyze any sample in the batch in duplicate at the same dilution. The
RPD should be less than the statistically determined RPD, or the run will be examined and
reanalyzed as necessary.

13,11 If method 9060 is required, run a spike duplicate instead of a duplicate.

13.12 A batch (workgroup) is defined as a blank (13.6), LCS (13.8.1 or 13.8.2), Spike
(13.9.1 or 13.9.2), a duplicate (13.10) and up to 20 samples. Several batches may be run in
sequence on any particular day. Each day a calibration is performed, and a second source check
(13.2) and three standards (13.3, 13.4, 13.5) are analyzed.
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14.0 DATA REVIEW AND REPORTING REQUIREMENTS

141 TOC is reported in mg/L. TOC using one significant digit for values less than 10
mg/L and two significant digits for values of 10 mg/L or higher.

14.2  The analyst, date and time are reported.
143 QA/QC data 1s entered onto special forms and reported to the client upon request.
144 Data review uses the attached checklist (Table 1). All data is calculated and
reviewed by the analyst. The supervisor (or designated person) performs a second review before
entry into the LIMS system.
15.0 PREVENTATIVE MAINTENANCE
15.1  Daily
15.1.1 Check for leakage
15.1.2 Observe flow meter (200 cc/min at 11 psi)
15.1.3 Check reagents for sufficient volume

152 Yearly

15.2.1 Perform shutdown procedure {page 78 of manual)

ot
L
tad

As required

15.3.1 Replace septums if leakage occurs
15.3.2 Replenish reagents

15.3.3 Replenish gas

15.4 A quarterly maintenance is performed under contract by qualified ASTRO
personnel.




KEeImRON

| iy A il
ENVIRCNMENTAL SEAVICES

KEMRON SOP #: K4151

DATE : .21 May 1999
PAGE: 17 of 18
REVISION: 7

16.0 REFERENCES

16.1 "Methods for Chemical Analysis of Water and Wastes", EPA/600/4-759/020,
Method 415.1 (Combustion or Oxidation), 1983.

16.2  SW846 Method 9060

16.3  ASTRO 2001 Systems 2 Instruction Manual
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Parameter:

Analyst/Date/Time:

S0P K- Revision:
Work Groupis):

Preservation Check: Yes

No

Figure 1
Wet Lab

Analyst

Calibration/linearity

Second Source Check

ICVICCYV (std)

1CBICCE

Biank

L.CS

IQMSIMSD

IIDup!icate

|iRecord On ACS Benchsheet

|iEXCEL QC Sheet

Q< Violation Sheet

Signed Raw Data

STD/LCS On Benchsheet

Primary Reviewer Initials & Date Checked

Seccondary Reviewer initiais & Date Checked

« Check for compliance with Method and project-specific requirements

+ Check the completeness of the reporied information

» Check the information for the report narrative

+ Check the reasonableness of resuits

Supervisory Review initiais & Date Checked

Comments:
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_-Checked & OK
NA - Not Applicable
D - Diluted Gut
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1.0 SCOPE AND APPLICATION

1.1 This Standard Operating Procedure (SOP) is used to determine the concentration of total organic
carbon in soil and sediment. The effective range of the Lloyd Kahn method is from 2000 to 800,000 mg/kg.
The upper limit is based on 40 mg of sample and the lower limit on 1 g of sample and appiying the respec-
tive calibration standards’ masses. Resuits to the MDL may be reported at the client’s request.

1.2 The sample results are reported on a dry weight basis by virtue of a preliminary drying step in sec-
tion 10.4.

2.0 METHOD SUMMARY

2.1 The Lloyd Kahn method determines the concentration of Total Crganic Carbon in a solid sample by
pyrolyzing the sample in a stream of oxygen at approximately 900° C. The gas stream is then dried and
analyzed for carbon dioxide by non-dispersive infrared detection. Inorganic carbon from carbonates and
bicarbonates is removed prior to analysis by acid treatment of the sample,

2.2 The method uses dissoived KHP as calibration standard. This procedure 1s modified o use solid
dextrose as calibration standards.

23 The method uses phosphoric acid to eliminate inorganic carbonates and bicarbonates. This proce-
dure uses hydrochlornic acid.

3.0 HEALTH AND SAFETY
31 All employees should protect themseives at a minimum with safety glasses. protective gloves and a

lab coat. For more information see the E & E Inc.. Anaivtical Services Center Chemical Hygiene Plan, io-
cated in the QA Library Island shelf 2.

4.0 REFERENCES

4.1 EPA attachment 6, Determination of Total Organic Carbon in Sediment, July 27, 1988, by Lloyd
Kahn.

4.2 Shimadzu Manual for 3050A.

4.3 Use checklist number C-004 for analvst and peer review.

5.0 DEFINITIONS/ACRONYMS

5.1 TC: Total Carbon, IC: Inorganic Carbon.

5.2 The following are possibie remarks displaved when using the SSM-5000A:

T: The peak is not completed within designated time period.

H: The peak height has exceeded full scale.

P: Measurement performed with the sample boat in an abnormal position.
B: Baseline not stable during measurement.
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F: The temperature of the furnace exceeded the designated range during measurement.

53 TC=TOC based on Lloyd Kahn method.

5.4  ASC Control Chart Database - Access ' - database used for control charting by ASC. Control
limits are tabulated by lab, method, and by matrix is the "Control Limit Summary”.

55 LCS/CV = Laboratory Control Sample/Initial Calibration Verification - A 2™ lot number (2™
source) of dextrose used to verify that the calibration curve is valid.

6.0 INTERFERENCES/POTENTIAL PROBLEMS

6.1 In many cases, the various components in a solid sample are not mixed together uniformly, as they
are in liquid samples. For this reason, it is extremely important with solid samples to obtain an aliquot which
is as representative as possible of the sampled marerial.

6.2 Volatile organics may be iost in the decarbonization step resulting in a low bias.

6.3 Bactenal decomposition and volatilization of the organic compounds are minimized by maintaining
the sample at 2-6 C and analyzing within the specific hoid time.

6.4  The combustion-oxidation reaction (TC measurement) and acidification reaction invelving carbonate
acid (IC measurement) are more efficient when the sample particies are smaller in size. Mix or breakup
large chunks but do not grind.

6.5 Samples with high levels of carbonates such as sea sand and limestone are not appropriate for this
method.

7.0 INSTRUMENTATION AND EQUIPMENT
7.1.1 Drying ovens, 103 - 105 C.
7.1.2  Analytical balance capable of weighting 10 0.001 g

7.1.3  Shimadzu 5050A Totai Organic Carbon Analyzer — resistance furnace, nondispersive infrared detc-
10T,

7.1.4  Ceramic Combustion Boats
7.1.5 Disposable pasteur pipets

8.0 REAGENTS AND MATERIALS

Table 8-1
SUMMARY OF STANDARD AND REAGENTS
Description Source Concentration
Concenmrated Hydrochloric Acid Fisher or equivalent 38% HCI
(HCH
Purified oxygen Rodgers weiding or equivalent Carbon dioxide free contain-
ing < | mg/L hvdrocarbons.
Dextrose-Anhydrous (D-Glucose) | Fisher or equivalent Neat
(2 lots required)
Tungsten oxide (wo) Fisher or equivalent Catalyst
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Table 8-1

SUMMARY OF STANDARD AND REAGENTS

Description Source Concentration
Ultra pure Compressed Air Rogers Welding or equivalent Neat
CO, free containing < 1 mg/L hy-
drocarbons
Revision: 3 | Status: Final | Method: Lloyd Kahn | Minor Revision Date: 8/6/99
Table 8-2

STANDARD AND REAGENT PREPARATION

Standard ______Amount of Stock Final

Stock Name Diluted to Concentration
HCI, Concen- 10% HCI Slowly add 100 mL of concentrated HCl madeup | 1:10 HCI
trated (38%) to 1000 mL with ASTM Type IT water. Good for

six months.

Dextrose 2™ LCSACY Weigh 40 mg into pretreated boat 400,000 mg/kg
Source 2™ Source based on 40 mg
Dextrose same CCV Weigh 40 mg into pretreated boat 400,000 mg/kg
lot as calibration based on 40 mg
Revision: 3 | Status: Final | Method: Llovd Kahn ' Minor Revision Date: 8/6/99

9.0 PRESERVATION, CONTAINERS, HANDLING. AND STORAGE

Table 9-1
HOLDING TIMES
Preparation Analysis Container Type and
Matrix Client/Project (Days) ' (Davs) Preservative
Solid Standard NA | 14 | Glass. 2-6 C
- Revision: 3 ¢ Status: Final | Method: Llovd Kahn " Minor Revision Date: 8/6/99

10.0  PROCEDURE
10.1  Before instrument use check to make sure that the air flow 1s 500 mL/min with the flow meter.
10.2  Daily Instrument Calibration for TC Analysis as it appears on the instrument computer screen.
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Table 10-1
GENERAL CONDITIONS
Description Source
TC Catalyst Normal Sens
Syringe Size 250 uL
Number of Washes 1
Unit of Concentration %
Auto Ranging & Inj Vol Auto Change
Auto Regeneration of IC Off
Furnace on/off SSM
Injection Speed STD
ESU Not Used
Bubble Removal Off
Syringe Wash STD
Cell Length W-Short
TOC or SSM SSM
Printer Device Int New
Page Length kel
Calibration Curve Form Least Squares
POC Not Used
MEAS Interval (TC/NPOC) | 0 Seconds
MEAS Interval (IC/POC) | 0 Seconds
Revision: 3 | Status: Final | Method: Lloyd Kahn | Minor Revision Date: 8/6/99

Daily instrument Calibration For TC Analysis as it appears ofl the instrument computer screen

Table 10-2

CALIBRATION CONDITIONS

Amount Select % Carbon Amount , ug C (Carbon)
1 st STD Concentration 40% 80.0 mg (Dexrtrose) ‘ 32,000
2 nd STD Concentration 40% 40.0 mg (Dextrose) 16,000
3 rd STD Concentration 40% 20.0 mg (Dextrose) §,000
4 th STD Concentration 40% 5.0 mg (Dextrose) 2,000
5 ¥ STD Concentration 0 0.0 mg {empty boay) 0
Range 30
Revision: 3 | Status: Finai - Method: Lloyd Kahn - Minor Revision Date: 8/6/99
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10.2.1 Cleaning of Boats.

10.2.2 Scrape boats of all residue with spatula.

10.2.3 Put 10% HC! in beaker with boats and sonicate for 15-30 minutes.
10.2.4 Rinse boats again after sonication with ASTM Type II water.
10.2.5 Putin 180 C oven for 30 minutes.

10.3  Calibration for TC Analysis

10.3.1 Weigh 80 mg of Dextrose (Glucose) into a ceramic boat. [Note: The weighed sample 1s
set on the bottom of the sample boat toward the front (TC furnace side).]

10.3.2 Place ceramic boat and contents in sample port of SSM-5050A.,

10.3.3 Close sample port and press F1 key (next). Screen will display to press “start;” do this.
10.3.4 Instrument will now read “push sample boat to measuring;” do this.

10.3.5 When 80 mg std is completed; screen will read “completed”. Pull sample boat to “cooling position.”
After 30 seconds, pull lever to “sample change position.”

10.3.6 Press F1 (next); the instrument will automatically print out resuits.

10.3.7 Follow 10.3.2 - 10.3.6 for 2", 3™, and 4" standard.

10.3.8 Calibration curve must be r 2 0.995. Curve is good for 6 months.

10.4  Sample Analysis for TOC _

10.4.1 Mix sample if necessary but do not grind.

10.4.2 Weigh up to 1.0 g of sample into ceramic boat. Record weight in mg. (Note: If samples are high in
total carbon — a smaller amount is acceptable. Do not use less than 125 mg before consulting supervisor).
10.4.3 Add just enough drops of concentrated HCI to wet the sample. [Note: This is a pretreatment for re-
moving IC. Inorganic carbon from carbonate and bicarbonates is removed by this acid treatment.

10.4.3 Put ceramic boat and contents in drying oven at 103- 105 C for 10 minutes. [Note: Use tweezers.]
10.4.4 Place ceramic boat and contents in sample port of SSM-5050A.

10.4.5 Add a spatuia-tip amount of WO caralyst.

10.4.6 Close sample port and press F1 kev (next). Screen will dispiay press “start”; do this.

10.4.7 Instrument will now read “push sampie boat to measuring”; do this.

10.4.8 When sample is completed; screen wiil read “completed”. Pull sample boat to cooling position, af-
ter 30 seconds, pull fever 10 “sample change position”.

10.4.9 Press F1 (next) key; the instrument will automatically print out results.

10.4.10 Follow 10.4.1 — 10.4.8 for remaining analvs:s,

10.4.11  Analyze CCV, CCB, every 10 readings and at end of run batch.

10.5  Shut down of TOC Analyzer

10.5.1 Return to main menu.

10.5.2 Standby options.

10.5.3 Turn off instrument, PRESS 1, and then the ENTER key. Next. press the STANDBY (F1) key.
10.5.4 Screen will display “30 minute” countdown for cooling.

10.8.5 After cooling countdown tum off the monitor, the SSMS500A and both oxygen tanks.

10.6  Daily and Continuing Calibration
10.6.1 Check the instrument calibration daily by running the LCS/ICV. If the LCS/ICV is outside accep-
tance limits, prepare a new curve (see Secuon 10.3),
10.6.2 Run Sequence
» LCSIACV
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= Prep Blank (PBS)
*« 8 more analyses
= CCV
= CCB
» 10 more analyses
=  End with CCV
» End with CCB
Table 10-3
SPIKE AMOUNT
Amount of Carbon mg/kg of spike added to
dextrose added to sampie (ug) 1.0 g sample
10.0 mg 4000 4000
20.0 mg 8000 8000
30.0 mg 12000 12000
40.0 mg 16000 16000

Revision: 3 | Status: Final |

Method: Llovd Kahn

| Minor Revision Date: 8/6/99

Table 10-4

ROUTINE MAINTENANCE PROCEDURES

Equipment/

Instrument Svmptom Operation Frequency
Oxveen Tank Pressure less than 500 psi Change Tank ‘When Needed
Ceramic Boats | Poor baseline — Poor Check port seal. Reclean boats. Check When Needed

| readings catalvst tube.
SSM- 3050A | Abnormality in measure- Check for leaks — see manual for Fig- When Needed
ment sensitivity or repeat- are 7.1,
ability.
Compressed Pressure less than 500 ps: Change tank When needed
Alr
O-Rings Gas teaks due to deforma- Replace ring - see manual for figures When Needed
| tion or scratched “O” rings | 7.3 & T.4.

! Revisiom: 3

Status: Final

I Method: Llovd Kahn

| Minor Revision Date: 8/6/99
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11.0 DATA REDUCTION/EVALUATION/REPORTING

11.1  Llovd Kahn: TOC in Sediment and Soil TC = TOC

Table 11-1
TARGET COMPOUNDS/ANALYTES AND QUANTITATION LIMITS
POL
Compound/Anaiyte Type Sediment/Soil (Units)
Lloyd Kahn TOC T 2000 mg/kg based on 1 g sample
Revision: 3 | Status: Final | Method: Lloyd Kahn | Minor Revision Date: 8/6/99
Key Type:
T = Compound/analyte is target analyte routinely reported.
M = Compound/analyte is listed in the method but is not routinely reported by E & E.
C = Compound/analyte is specified by the client and can be analyzed under this method.
S = Compound/analyte is routinely used as a matrix spike.
L = Compound/anatyte is routinely used as a LCS spike.
() = Compound/analyte is used as s surrogate spike.

11.2 Method Calcalations

11.2.1 The instrument parameters have been set up to print results in %C. This equation is a check on the
nstrument.

0o FoundugC

: _ ——o100%
input samplesize(mg)«1000pg / mg

a.)

b.)

(mg.. .\ % 1000g
Sampieconcentrationzik%TOC I= oC .EGOOmg‘ 000¢

ke J100%  1g kg

If the input sample size is different from the basis sample size (e.g.. if 40 mg is input for the ICV but it is
desired to report to a 1-gram basis:
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= L
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This equation reduces to equation (b) above when the input sampie size 1s the same as the actual size.

d)

Spike added concentration (

12.0 QUALITY CONTROL/QUALITY ASSURANCE/CORRECTIVE ACTION

Routine Quality Control Samples

mg \ _ug Cadded fromdexirose _mg dextrose added «0.4#1000 g / kg
kg weight (g) of sample weight (g) of sample

Table 12-1

ROUTINE QUALITY CONTROL SAMPLES

by cilent

plus a known amount
of 2™ source dex-
trose’

92:WLMSRVILLABORATORY SOPs\FinalhGAQGACT 6 ene-U3/0699 3:46 PM

if specified

Preparation Acceptance Corrective
QC Type Frequency Instructions Criteria Action
LCSACY Beginming of a 40 mg of 2" source See Control Limit Recalibrate with new muiti-
batch dextrose Summary point curve
CCv After every 10 40 mg of calibration 80 - 120% Recalibrate instrument.
samples and at lot dextrose Repeat previous 10 analy-
the end of a batch ses.
CCB After every CCV | Empty boat withone | <4000 mg/kg based | Make sure boat is ciean
drop conc. HCI] on 1 g basis
PBS After ICV Empty boat with one | <4000 mg’kg Make sure boat is clean
crop conc. HC1 based on | g basis
Quadruplicate | 1 per baich of 20 Three additional ali- Project requirements | Project requirements if any,
or fewer samples | quots of sample if specified or RSD otherwise evaluate resuits mn
<30% conjunction with other QC
information to determine
the effect of the matrix on
the bias of the analysis.
Comment {n narrative tf
appropriate.
Matrix Spike | When requested Aliquot of sample Project requirements | Project requirements if any,

otherwise evaluate resulis in
conjunction with other QC
information to determine
the effect of the matnix on
the bias of the analysis.
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Table 12-1

ROUTINE QUALITY CONTROL SAMPLES

Preparation Acceptance ‘Corrective
QC Type Frequency Instructions Criteria Action
Comment in narrative if
appropriate.
Revision: 3 Status: Final Method: Lloyd Kahn | Minor Revision Date: 8/6/99

'Spike with a known amount of dextrose to achieve a spike concentration within the

Table 10-3.

Control Limits for Routine Quality Control Samples

calibration range. See

Table 12-2
CONTROL LIMITS FOR ROUTINE QUALITY CONTROL SAMPLES
Parameters Type of Samples Frequency
QC Type Charted Charted Source of Limiis Updated
LCS/ACV TOC Solids In-house Annually
Revision: 3 | Status: Final | Method: Lloyd Kahn . Minor Revision Date: 8/6/99

Table 12-3
ACCEPTANCE CRITERIA FOR ROUTINE QUALITY CONTROL SAMPLES
Spike Recovery

QC Type Parameter Amount (%) RSD

LCS/ICY TOC 400,000 mg'kg See Conirol Limit NA
Summary
Quadruplicate | TOC NA NA 30%
Revision: 3 | Status: Final ! Method: Llovd Kahn  Minor Revision Date; 8/6/99
13.0 SPECIAL PROJECT REQUIREMENTS

Client-Specific Quality Control Requirements

13.1
13.1.1
13.1.2

13.2
13.2.1

13.2.2 Weigh 125 mg (a larger sample size. e.g., 250 mg may

Griffiss
Requires sample spikes at a frequency of
A second aliquot of the sample is prepare

such as tailing are absent) of as-received sample.

030 MSRV 'L ABORATORY'SOPS\ Final\GACGACT6.ene-08/56/99 3 40 PM

1 per 20 samples or fewer with 75 10 125% recovery.
d and spiked with 40 mg of the 2°° source dextrose.

BCM Project. Use the following scheme at the appropriate step in the procedure.
Mix sample if necessary but do not grnd.

be used at the start if sample interferences
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13.2.3  Acidify with just enough drops of concentrated HCI to wet the sample.

13.2.4 Place in 103 — 105 C oven for 10 minutes.

13.2.5 Add tungsten oxide (WO) WO catalyst (spatula tip amount).

13.2.6 Combust.

13.2.7 Correct for dry weight.

13.2.8 The quantitation limit for 125 mg sample size 1s 16,000 mg/kg. (The quantitation limit for 250 mg
sample size is 8,000 mg/kg.)

13.2.9 The MDL for a 125 mg sample (dry weight adjusted) is 2860 mg’kg (for 250 mg sample, 1430
mg/kg).

13.2.10  If 125 mg sample was used, report values between the 3000 mg/kg (nominal MDL} and 16,000
mg/kg with a “J” flag. (If 250 mg sample was used, report values between 1500 mg/kg [nominal MDL] and
8,000 mg/kg with a “J” flag.)

13.2.11  If 125 mg sample was used, report values below 3000 mg/kg as “ND.” (If 250 mg sample was
used, report values below 1500 mg/kg as ND.)

13.2.12  Any values that are not detected at concentrations above 4000 mg/kg must be reanalyzed with a
larger sample size.

13.2.13 One sample must be chosen as a matrix spike.

13.2.14 Use the BCM project-specific requirements in Table 13-1 to replace the similar quality control
requirements given in Table 12-1.

Tabled2-1
Table 13-1

ROUTINE QUALITY CONTROL SAMPLES

Preparation Acceptance Corrective
QC Type Frequency Instructions Criteria Action
LCS/ICY Beginning of a 40 mg of 2™ source Client-specific Recalibrate with new multi-
batch dextrose 85-115% point curve.
Quadruplicate | 1 per batch 0of 20 | Three additional ali- Client-specific Evaluate results in conjunc-
or fewer samples | quots of sample 20% tion with other QC infor-
mation to determine the ef-
fect of the matrix on the
bias of the analysis. Com-
ment in narrative if appro-
priate.
Matrix Spike | When requested Aliquot of sample Client specific Evaluate results in conmjunc-
by chient plus a known amount | 75-125% tion with other QC infor-
of 2 source dex- mation to determine the ef-
trose’ fect of the matrix on the
bias of the analysis. Com-
ment in narrative if appro-
priate.
Revision: 3 Status: Final Method: Llovd Kahn i Minor Revision Date: 8/10/99
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140 SAMPLE DISPOSAL
Residual sample and/or boats may be disposed of as nonhazardous solid waste.

150 EXAMPLE FORMS
NA

END OF SOP
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1.0

2.0

3.0

4.0

SOP No.: 9060
Date Initiated: 8/95
Date Revised: 1/14/99

CEIMIC CORPORATION

TITLE:

TOTAL ORGANIC CARBON BY
EPA METHOD 415.1 / SW846 METHOD 9060A

SCOPE

This SOP applies to the analysis of Total Organic Carbon in soil and water samples by
EPA Method 415.1 and SW846 Method 9060A.

REFERENCES

2.1

EPA Method 415.1 and SW846 Method 9060A.

TERMINOLOGY

3.1

Soluble, nonvolatile organic carbon: eg., natural sugars.

3.2 Soluble, volatile organic carbon: eg., mercaptans, alkanese, low molecular
weight alcohols.

3.3 Insoluble, partially volatile carbon: eg., low molecular weight oils.

3.4  Insoluble, particulate carbonaceous materials: eg., cellulose fibers.

3.5  Soluble or insoluble carbonaceous materials absorbed or entrapped on insoluble
inorganic suspended matter: eg., oily matter absorbed on silt particles.
Carbonaceous analyzers are capable of measuring all forms of carbon in a sample.

However, because of various properties of carbon-containing compounds in

liquid samples, the manner of preliminary sample treatment as well as the
instrument settings will determine which forms of carbon are actually measured.

METHOD SUMMARY

4.1  Organic carbon is measured using a carbonaceous analyzer. This instrument

converts the organic carbon in a sample to carbon dioxide (CQO,) by catalytic
combustion. The CO, formed is then measured directly by an infrared detector.
The amount of CO, in a sample is directly proportional to the concentration of
carbonaceous material in the sample.

Page 9060 - 1




5.0

6.0

7.0

8.0

4.2

43

SOP No.: 9060
Date Initiated: 8/95
Date Revised: 1/14/99

Carbonate and bicarbonate are inorganic forms of carbon and must be separated
from the total organic carbon value. This separation ia accomplished by
mathematical subtraction, or by removing the carbonate and bicarbonate by
converting them to CO, with degassing prior to analysis.

All samples are to be analyzed in quadruplicate according to the method.

SIGNIFICANCE AND USE

This method applies to the analysis of Total Organic Carbon (TOC) in drinking, surface
and saline water and industrial wastes, sediments and soils.

INTERFERENCES

6.1

Carbonate and bicarbonate carbon represent an interference under the terms of
this test and must be removed or accounted for in the final calculation.

6.2 This procedure is applicable only to homogeneous samples which can be injected
into the apparatus, reproducibly by means of a microliter-type syringe. The
opening of the syringe limit the maximum size of particle which may be included
in the sample.

6.3  Removal of carbonate and bicarbonate by acidification an purging with nitrogen,
or other inert gas can result in the loss of volatile organic substances.

APPARATUS

7.1 High Temperature TOC Analyzer (Dohrmann)

7.2 100 pl Syringe

7.3 Analytical Balance (0.0001 gm)

7.4 183 Boat Sampling Module

7.5  Hot Plate

REAGENTS AND MATERIALS

8.1  Deionized Water

8.2 Stock Solution = 1,000 mg/L carbon
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9.0

10.0

11.0

12.0

8.3

8.4

SOP No.: 9060
Date Initiated: 8/95
Date Revised: 1/14/99

(Primary Standard Grade) Potassium Hydrogen Phthalate 0.2128 g dissolved in
100 mis of DI water

Standard Solutions
Prepare standard solutions from the stock solution by dilution with DI water.

Blank Solution
Use the same DI water as was used to prepare the standard solutions.

HAZARDS AND PRECAUTIONS

All analysts must be familiar with Ceimic's Safety Manual and Chemical Hygiene Plan.
Refer to the MSDS sheets located in the Ceimic Library in the bullpen prior to the use of
any unfamiliar reagents.

SAMPLING AND SAMPLE PREPARATION

10.1

10.2

10.3

10.4

10.5

Sampling and storage of samples may be in glass or plastic bottles.
Samples must be acidified with H,SO, to a pH <2 within 2 hours of sampling.

Samples should be kept cool at a temperature of 4°C and protected from sunlight
and atmospheric oxygen.

Analysis must be performed on Aqueous samples within 28 days from sampling
date.

Analysis must be performed on soil samples within 14 days from date of
sampling.

PREPARATION OF APPARATUS

Refer to Section 12.0.

CALIBRATION AND STANDARDIZATION

12.1

Standard Run

12.1.1 Blank (DI H,0)
Aqueous (less than 1.0 ppmy) soil (less than 50 ppm)

12.1.2 Calibration standards
At least 3 standards will be used to construct the calibration curve.
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12.2

12.3

SOP No.: 9060
Date Initiated: 8/95
Date Revised: 1/14/99

12.1.3 Second source ICV to check against the calibration curve.

12.1.4 QC
Laboratory Control Sample

12.1.5 Sample
Calibration of Instrument

1221 Blank (DI H,0)
Aqueous (less than 1.0 ppm) soil (less than 50 ppm)

12.2.2 Standard run 3 times if recovery is 90-110% calibration update
may be used for future analysis.

Standard Calibration Curve
12.3.1 A calibration curve with a minimum of 3 standards and a blank

will be analyzed to demonstrate the instrument linearity and
response.  The concentration of the standards is summarized as

follows:

Aqueous Soil

Blank (D.1. H;0) Blank (D.I1. H,0)
10 ppm Std 1000 ppm Std
25 ppm Std 10000 ppm Std
50 ppm Std 20000 ppm Std

13.0 PROCEDURE

13.1

Start Up Procedure - Soils

13.1.1 Check O, line to make sure the air-flow and connections allow for soil
analysis.

13.1.2 Turn the power on the Boat Sample Module.
13.1.3 Turn on the O, to the regulated pressure of 30 psi

13.1.4 Flip the Boat Gas Switch on, observe the brisk bubbling of the gas through
the sparger when the hatch door is closed.
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13.2

SOP No.: 9060
Date Inttiated: 8/95
Date Revised: 1/14/99

13.1.5 Check to ensure that the dispenser for the sparger is submerged in
acidified water pH 2.

13.1.6 Check to ensure the mist trap is less than haif filled with DI.
13.1.7 Monitor the baseline, verify that it is stable, it should be less than 1.

13.1.8 Advance the boat into the furnace and allow to bake until baseline is
stable. This eliminates extraneous carbon from the boat.

13.1.9 Determine the value of a DI blank by injecting 40 ! of DI into the boat.
It must be less than 50 mg/L.

13.1.10 Calibrate the analyzer by injecting 40 pl of 20,000 ppm standard
into the boat,

13.1.11 Run three times then update the calibration factor.

13.1.12 This calibration factor can be used for future sample analysis if the

recovery is 90-110% of its true value.

Testing Procedure - Soils

13.2.1 Homogenize the soil sample as well as possible.

13.2.2 Weigh 15-50 mgs of sample in the sample boat.

13.2.3 For TOC analysis, acidify the sample to pH 2 with a few drops of 1:1
H;PO, or 1:1 HNO; as suggested by the manufacturer for 5
minutes to remove the inorganic carbon by heating on a hotplate.
The manufacturer has recommended the use of either acid for
removing inorganic carbon.

13.2.4 Transfer the sample into the Hatch port assembly.

13.2.5 Allow the baseline to stabilize.

13.2.6 Press start, enter the sample ID number and sample weight.

13.2.7 Wait for the inject now tune and advance the boat into the furnace.
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13.2.8 Allow for the analysis to finish, retract the boat back to the hatch port and
allow to cool for at least 30 seconds before introducing the next
sample.

13.2.9 Soil samples require a quadruplicate analysis. Report the averaged result.

13.3  The Run Sequence for a Typical Analysis is:

13.4

13.3.1 DI water (Recovery less than 50 mg/Kg)
13.3.2 Calibration standards. The acceptance criteria is r°>, 0.995.

13.3.3 Second source ICV to check against the calibration curve. The %
recovery must be within 90-110%.

13.3.4 QC soil (Recovery 80-120%)
13.3.5 Samples (in quadruplicate)

13.3.6 10,000 ppm Std (Recovery 90-110%) for every ten samples as CCV
sample.

13.3.7 DI water (Recovery less than 50 mg/Kg) follows CCV sample as CCB
sample.

Start Up Procedure - Water

13.4.1 Check O, line to make sure the air-flow and connections allow for water
analysis.

13.4.2 Turn the O, to reguiated pressure of 30 psi

13.4.3 Check the oxygen air-flow by pressing main 1. The air-flow should be
about 200 + 20 cc min.

13.4.4 Prime the IC chamber with acid by pressing main 251. The prime acid
button may have to be pushed several times to completely prime

the acid line.

13.4.5 Prime Sparagers A and B by pushing Sparage A and prime acid the same
should be done for Sparager B.

13.4.6 Wait for the IR detector to stabilize, adjust to less than 1.
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13.6

SOP No.: 9060
Date Initiated: 8/95
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13.4.7 Press syringe - TOC mode.

13.4.8 Calibrate the analyzer using a 50 pl injection of an accurately prepared 50
ppm Std.

13.4.9 Run the Standard three times and if the recovery is 90-110%, this
calibration factor update may be used for future analysis.

13.4.10 If the recovery is not 90-110% press calibrate 5 to update the
calibration factor and repeat step #9.

13.4.11 Run a DI blank by injecting 50 ul of DI water. The value must be
less than 1 mg/L.. '

Testing Procedure - Water

13.5.1 Sparge all aqueous samples before samples are analyzed.
13.5.2 Select Syringe - TOC mode. -
13.5.3 Press Start, Type in the sample ID and press enter.

13.5.4 Inject 50 pl of DI water into the TC port when the inject tune goes off and
the light flashes.

13.5.5 Upon completion of the TC analysis push yes, when the inject tune goes
off and the light flashes inject 50 ul of DI water into the IC port.

13.5.6 Upon completion of analysis the IC will be subtracted from the TC to give
you the TOC value.

13.5.7 Water samples require a quadruplicate analysis. Report both the average
and the range.

The Run Sequence for a Typical Analysis is:
13.6.1 DI blank - 50 ul of DI water (must be less than 1.0 ppm)
13.6.2 Calibration standards. The acceptance criteria is r*>, 0.995.

13.6.3 QC Standard - 50 ul (Recovery 80-120%)
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13.6.4 Samples - 50 p! (in quadruplicate)

13.6.5 Standard - 50 pl of 50 ppm (Recovery 90-110%) for every ten samples as
CCV sample.

13.6.6 DI blank - 50 ul of DI water (must be less than 1.0 ppm) follows CCV
sample as CCB sample.

14.0 QUALITY CONTROL

14.1

14.2

14.3

144

Method EPA 415.1, Methed Blank

14.1.1 Must run one per twenty (20) samples or each batch whichever is more
frequent.

14.1.2 Must be less than the method reporting limit (MRL).

14.1.3 If the blank result exceeds the MRL, correct the problem and reanalyze
the blank.

Laboratory Control Sample

14.2.1 Run one per twenty (20) samples.

14.2.2 A 1 to 2 mg (120,000-240,000 mg/kg) ACS grade CaCO3 will be added
to a second LCS to evaluate the inorganic carbon removal
efficiency in the acid wash step for the soil sample.

14.2.3 Must be 80-120% recovery.

14.2.4 If the % recovery is not met, correct the problem and reanalyze the LCS
sample. The LCS must be analyzed to be within control limits
before sample analysis.

Duplicate Sample

14.3.1 Performed once per ten (10) samples.

14.3.2 Must agree to within 20% RPD.

14.3.3 Repeat once if not in control.

SW846 Method 9060, Method Blank
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16.0

SOP No.: 9060
Date Initiated: 8/95
Date Revised: 1/14/99

14.4.1 Must be run one per fifteen (15) samples.
14.4.2 Must be less than the method reporting limit.
14.4.3 If the blank result exceeds the MRL, correct the problem and reanalyze
the blank.
14.5 Laboratory Control Sample
14.5.1 Run one per fifteen (15) samples.
14.5.2 Must be 90-120% recovery for aqueous and 69-130% recovery for soils.
14.5.3 If the % recovery is not met, correct the pmbiem and reanalyze the LCS
sample. The LCS must be analyzed to be within control limits
before sample analysis,
14.6  Duplicate Sample -
14.6.1 Performed once every ten (10) samples.
14.6.2 Must agree to within 20% RPD.
14.6.3 Repeat once if not in control.

CORRECTIVE ACTION PROCEDURES

All out of control situations must be recorded in the Corrective Action Logbook and
documented returned to control.

CALCULATIONS

161 % RPD = X,-X,
x 100 = + 20%

(X, + X,)/72

16.2 Dry Weight Basis = TOC ppm in Sample

Percent Solid of Sample
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Ex. 3,779 ppm
= 4,467 mg/Kg

0.846% solid
17.0 REPORTING AND REVIEW

All data must be reviewed by a minimum of two (2) analysts proficient in the method and
by the Lab Manager prior to release of the final report.

18.0 'WASTE DISPOSAL

Follow SOP No. 032 for waste disposal procedures.
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STANDARD OPERATING PROCEDURE FOR PARTICLE-SIZE
ANALYSIS OF SOILS
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GeoTesting Express Standard Operating Procedure ASTMD 422

REFERENCE NUMBER: ASTM D 422-98

TEST METHOD TITLE: Test Method for Particle-Size Analysis of Soils

TEST PROPERTY: grain size analysis

TEST SPECIMEN SIZE: passing #10 sieve: 115 g sandy soils, 65 g for silty or clayey soils

retained on #10 sieve see test standard (based on largest particle size}

NO. OF TEST SPECIMENS: 1 (representative sample obtained by quartering, mixing, or splitting)

TEST EQUIPMENT: Stirring apparatus A

Hydrometer (ASTM)

Sedimentation Cylinder

Drying containers

Balance readable to 0.01 gram for material passing #10 sieve or 0.1% of
mass for material retained on #10 sieve

Thermometer readable to 0.5 °C

Various sieves

250 mbL beaker

Drying oven capable of maintaining a temperature of 110 £ 5 °C

Dispersing agent mixture (40 g/L. of Sodium Hexametaphosphate
solution)

Mechanical sieve shaker

STANDARD OPERATING PROCEDURES:

Sieve analysis of portion retained on #10 sieve

1.

Separate the portion retained on #10 sieve into a series of fractions using various sieve sizes
ranging from 3 inch to #10. Set up in mechanical shaker and shake for 10 minutes. Determine
the mass retained on each sieve by weighing and recording mass to nearest 0.1 % of sample
mass,

Hydrometer and sieve analysis of portion passing #10 sieve

2.

Place appropriate size sample in a 250 mL beaker. Cover with 125 mL of dispersing agent
mixture. Stir and allow to soak for at least 16 hours.

Disperse the solution further by using Stirring apparatus A. Add distilfed water as needed to fill
cup to the half. Stir 1 minute.

Immediately after dispersion, transfer slurry to a sedimentation cylinder. Add distilled water to
1000 mL point. Use rubber stopper over the open end and turn the cylinder upside down and
back for a period of 1 minute (should be 60 turns per minute). Set the cylinder down and begin to
take and record hydrometer readings at the following intervals: 1, 2, 4, 8, 15, 30, 60, 120, 240 and
1440 minutes. After each reading, the temperature of the solution should be recorded.
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GeoTesting Express Standard Operating Procedure ASTM D 422

5. . After the final hydrometer reading, transfer the suspension to a #200 sieve and wash with tap
water until effluent water is clear. Transfer material to a container and dry in oven to constant
mass at 110 + 5 °C. After drying, sieve the remaining material in shaker using desired number of
sieves for 10 minutes. Record mass retained on each fraction to nearest 0.01 g.

6. Calculations: use GLMS software to enter data and calculate % passing and retained for each
sieve size and hydrometer readings.

7. Report: sample identification, sample description, percentage passing or retained on each sieve
fraction (tabular and graphical).
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STANDARD OPERATING PROCEDURE FOR DREDGING
ELUTRIATE TEST
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Soil Technology™, Inc.
Standard Operating Procedure
Dredging Elutriate Test

Apparatus and Materiais

Decontaminated 20-liter glass carboy with rubber stopper and J-shaped glass tube
Compressed air source with DI water trap

Stainless sieel bowls and spoons

Stainless steel or polycarbonate centrifuge bottles

Centrifuge

Refrigeration unit at 4°C for sample storage

Glass or polycarbonate filter units, if necessary

Filters (if necessary). 1 um glass fiber in conjunction with glass prefiiters for organics; 0.45 um
filters (type to be determined based on contaminants of congern)} for inorganics

Sample Handling

Samples are logged in and the chain of custody form is signed upon receipt at ST1. Sediment
and site water samples should be kept in the cooler at 4°C until testing. Samples must be
processed within the holding time specified by the client, preferably as soon as possible after they
are received.

Procedure

1. Any equipment that will come info contact with the sediment or site water is decontaminated
using a procedure specified or approved by the client, and chosen based on the
contaminants of concemn.

2. Aslurry is prepared using site water and sediment at a concentration of 10 g/L (dry weight
basis).

3. The slurry is combined and mixed in the glass carboy under atmospheric conditions for 5
minutes.

4. The slurry is vigorously aerated using a compressed air source passed through a DI water
trap and the glass tubing for one hour.

5. The carboy is capped and the slurry is allowed to settie for one hour.

6. After settling the elutriate is removed from the carboy using the compressed air system and
the J-shaped glass fubing, with care taken not to resuspend the setfled material.

7. If samples are to be collected for dissolved inorganic concentrations, an aliquot of the
elutriate is vacuum filtered through polycarbonate filter units using 0.45 pm membrane filters,
decanted into proper containers, and preserved as necessary.

8. For dissolved organics, the elutriate may be centrifuged or filtered, depending on the needs
of the project. For organic contaminants, it is recommended that the elutriate be centrifuged
rather than filtered, because glass fiber filters have been found to adsorb organic
compounds.

9. For fitering samples to be analyzed for organic compounds, an aliquot of the pore water is
vacuum filtered through glass filter units using glass fiber prefilters and 1 um glass fiber
filters, decanted into proper containers and preserved as necessary.
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Soil Technologym, inc.
Standard Operating Procedure
Dredging Elutriate Test

10. For centrifuging samples for dissoived organics, stainless steel botiles are used. The time
required for spinning is determined from application of Stoke’s Law, using the desired particle
size diameter:

63107 () logé® '3)

f . o
min o }1)2 o, )2 (AS)

where:

n = fluid viscosity (poise)

R = radius of rotation of top of sediment in tube {(15.13 cm)

S = radius of rotation of surface of suspension (3.93 cm)

Np, = revolutions per minute

D, = pariicle diameter {um)

AS = difference in specific gravity between the fluid and the particles (e.g., assuming a
particle specific gravity of 2.6 g/cm’ and a water specific gravity of 1.02 g/em®, this
difference would equal 1.58 glcm®)

11. For total organic and inorganic analyses, bulk elutriate supernatant will not be filtered or
centrifuged, but will be decanted into proper containers and preserved as necessary.

12. Total suspended solids are measured on a subsample of the bulk elutriate sample using a
0.45 um filter.

13. Samples are packed with ice in coolers, accompanied by a chain of custody. A signed chain
of custody seal should be placed on two unhinged sides of the cocler. The cooler is shipped
via overnight service as requested by the client.

Quality Control

If required by the project taboratory duplication can be performed as a quality control measure.
For a laboratory duplicate, the entire elutriate test is conducted in duplicate and both sample sets
are submitted to the laboratory for analysis.
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STANDARD OPERATING PROCEDURE FOR SEDIMENT
FRACTIONATION FOR CHEMICAL ANALYSIS
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APPENDIX A

Soil Technology, Inc.

Standard Operating Procedure
Sediment Fractionation for Chemical Analysis
Housatonic River Project
October 1999

Scope and Application

This method is used to separate sediment samples while wet into three size fractions:
>250 pm, 62.5-250 pm, and <62.5 yum. These fractions are separated by wet sieving the
sediment to collect the two coarsest fractions on No. 60 (>250 um) and No. 230 (>62.5
um) sieves, and then centrifuging the final fiquid fraction to obtain all material less than
62.5 um. The separated fractions are then submitted to an analytical laboratory for
analysis of PCBs and TOC.

Apparatus and Materials

Stainless steel sieves: No. 60 and 230

Stainless steel equipment: Pots, spoons, spatulas, tares, centrifuge bottles
Deionized water

Reagent-grade methane and hexane

Centrifuge

Sample Handling

Samples are logged in and the chain of custody form is signed upon sample receipt at
STI. Sediment samples are kept in the cooler at 4°C until processing. Samples must be
processed within the holding time specified by the client, preferably as soon as possible
after they are received. Any materials that will come into contact with the sediment are
decontaminated prior to use, as described in this SOP.

Cleaning and Decontamination of Equipment

All stainless steel equipment used for fractionation {sieves, pots, utensils, centrifuge
bottles) are washed in a Liquinox/water solution. Equipment is then rinsed once with
methanol, once with hexane, and three times with deionized (D) water.

Sediment Fractionation

Set Up and Sieving

1. Record sample information on a clean bench sheet. Obtain weights and record
the information for the following: a) empty pan for solids content, b) empty pan for
+60 material, and ¢) empty pan for +230 material. Weigh the full jar of sample
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and record the weight. Note whether 50 or 80 g of each fraction will be needed
(50 g for PCBs and TOC, 80 g for PCB congeners also).

Empty the entire jar of sample into a pan and homogenize the sample. Place 50-
100 g of representative material onto the empty tared pan for solids content,
weigh, and record the weight. Place sample into the geotechnical oven for
drying, or in a designated area for later placement into the oven.

Set up the sieves so they are placed over an 8 inch pot with the No. 80 sieve
over the No. 230. Put a few spoonfuls of sediment onto the top sieve and begin
washing with DI water. it may be necessary to prepare a slurry of the sediment
with Di water to facilitate the initial washing process. To completely empty a jar,
rinse it with D! water onto the top sieve.

When a sieve has sufficient material on it, wash the sediment until the water
running under the sieve is clear. Then empty the material in that sieve into the
designated pan for that size fraction.

Continue the above process until enough material is obtained for each size
fraction. There must also be sufficient material in the <230 size fraction, which
can be estimated once the centrifuging process has begun.

After sufficient material has been processed, weigh the empty jar or the jar and
its remaining contents. Record the weight on the bench sheet. All sample
removed from the jar must be sieved.

Centrifuging

1.

The material passing through the No. 230 sieve must be centrifuged to obtain all
solids in that size fraction. Decontaminate six centrifuge bottles, with matching
weights in pairs. Make sure each bottle number is matched with its
corresponding lid.

Fill the bottles to the shoulder with the <230 material. The weights of each
matching pair after being filled must be within 1 g to balance the centrifuge while
spinning. To match the weights, put the heaviest bottle on the scale and zero the
weight. Then place the lighter bottle on the scale and add DI water until the
weight is within (plus or minus) 1 g.

Wipe each bottle rim with a kimwipe to remove any sediment particles that may
cause leaking. Place lid with O-ring onto bottle and screw cap on tightly.

Place bottles into centrifuge with matching pairs opposite each other. Centrifuge
the bottles for 10 minutes at 6,500 rpm with the temperature at 15 °C.

After spinning, decant the supernatant, taking care not to disturb or pour out any
solids. Refill the bottles and repeat the process until all material has been
processed. For the final spin, consolidate the sediment into one bottle by
consecutively rinsing all material from cone bottle into the next. Record the empty
weight (with lid and O-ring) from a sheet containing weights obtained previously
for the bottle containing the consolidated sediment.

Sample Collection

1.

For the +80 and +230 size fractions, decant all overlying water in each pan over
its respective sieve and return any sample collected on the sieve to the pan.
Weigh the pans and record the weights.

Thoroughly homogenize the sample in each pan so the solids content is
representative of each sample. Place each sample into a 4 oz. amber jar, attach
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labels to the samples, and record the date and time on the bench sheet. If there
is more than about 200 g of sample, place a subsample in a jar to be archived.

3. Put samples in designated areas in the cooler.

4. For the <230 fraction, decant all supernatant from the bottle after its final
centrifuge run. Weigh the sample bottle with lid and O-ring and record the
weight. Using a stainless steel spatula, homogenize the sample in the centrifuge
bottle and place in a sample jar as described above. [f the sample weight is
greater than about 200 g, put the sample into a decontaminated pan and
homogenize. Place at least 50 g or more into one jar for analysis and archive the
remaining sample. Attach labels to the jars and record the date and time.

Calculations

Percent solids and dry weight of total material fractionated are calculated as follows:

Percent soiids = {Sps/Sws) x 100
Swr=(8:1+S,+S;5....) - Sws
Soe = Swr X (percent solids/100)

where;

Sps is dry weight of sediment removed for solids content determination
Sws is wet weight of sediment removed for solids content determination
Swe is wet weight of sediment fractionated

Spr is dry weight of sediment fractionated

S, is wet weight of sediment removed from sample Jar 1.

Quality Control

if required by the project, quality control measures such as laboratory duplication or
sample blanks can be performed. For a laboratory duplicate, a homogenized subsample
of the original sample is processed in the same way as the original sample using
separately decontaminated equipment. Both samples are submitted to the laboratory for
analysis. For a sample blank, reagent-grade water is run through the process and then
submitted to the laboratory for analysis.
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STANDARD OPERATING PROCEDURE FOR PORE WATER
EXTRACTION METHOD BY CENTRIFUGE
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Soil Technotogym, Inc.
Standard Operating Procedure
Pore Water Extraction Method by Centrifuge
October 1999

Apparatus and Materials

Nitrogen chamber, nitrogen supply, and oxygen meter for anaerobic processing

Stainless steel bowls and spoons

Stainless steel or polycarbonate centrifuge bottles

Centrifuge

Cooler at 4°C for sample storage

Glass or polycarbonate filter units

Fitters: 1 um glass fiber (Gelman A/E) in conjunction with glass prefilters (Whatman GF/D),
0.45 um polycarbonate (Miflipore Durapore), or 0.45 um silver membrane {Osmonics)

Sampie Handling

Samples are logged in and the chain of custody form is signed upon receipt at STI. Sediment
samples should be kept in the cooler at 4°C until extraction. Samples must be processed within
the holding time specified by the client, preferably as soon as possible after they are received. If
samples are to be extracted anaerobically, then sample cores or containers must only be opened
within the anaerobic chamber. Centrifuge bottles or analytical taboratory bottles must be purged
with nitrogen before filling.

Procedure

1. Any equipment that will come into contact with the sediment is decontaminated using a
procedure specified or approved by the client, and chosen based on the contaminants of
concern.

2. For anaerobic extrac